Highly polarized EGF receptor tyrosine kinase activity initiates egg activation in Xenopus.
Progesterone-matured Xenopus oocytes are arrested at second metaphase but resume meiosis following fertilization. To explore the role of tyrosine kinase activity and phosphatidylinositol turnover in this activation process, we caused oocytes to express three types of human epidermal growth factor receptor (EGF-R), which differ in their ability to stimulate these biochemical processes. Following mRNA injection we found that receptor expression was highly polarized, with most receptors located on the animal hemisphere. Occupancy of the wild-type EGF-R in progesterone-matured oocytes resulted in full egg activation as indicated by an activation potential, increased intracellular-free Ca2+ ([Ca2+]i), fertilization envelope liftoff, and cortical contraction. Fura-2 imaging showed that the wave of EGF-mediated Ca2+ release started in the animal hemisphere and progressed completely around the cell. These responses required receptor tyrosine kinase activity. Matured oocytes expressing the c'973 EGF-R, which possesses kinase activity but only weakly stimulates phosphatidylinositol turnover, responded differently to EGF addition. Cortical contraction and fertilization envelope liftoff appeared normal, but there was no activation potential. Significantly, [Ca2+]i was only slightly elevated and was topologically restricted to the regions expressing receptors. Our results suggest that some aspects of egg activation can occur through a tyrosine kinase pathway. However, phosphatidylinositol hydrolysis appears necessary for both amplification and propagation of signals generated locally by activated EGF-R.